Benign Adult Familial Myoclonic Epilepsy (BAFME) is an autosomal dominant disorder characterized by adult-onset cortical tremor or action myoclonus predominantly in the upper limbs, and generalized seizures. We investigated a Thai BAFME family. Clinical and electrophysiological studies revealed that 13 were affected with BAFME. There were a total of 24 individuals studied. Genetic analysis by genome-wide linkage study (GWLS) was performed using 400 microsatellite markers and excluded linkage of the previous BAFME loci, 8q23.3-q24.1, and 2p11.1-q12.2. GWLS showed that the disease-associated region in our Thai family was linked to a newly identified locus on chromosome 3q26.32-3q28. This locus represents the fourth chromosomal region for BAFME.
INTRODUCTION
Benign Adult Familial Myoclonic Epilepsy (BAFME) is an autosomal dominant disorder characterized by adult-onset cortical tremor or action myoclonus predominantly in the upper limbs, and generalized seizures. 1 It is also known as familial cortical myoclonic tremor with epilepsy. BAFME diagnosis is based on clinical and electrophysiological criteria. An electrophysiological study is essential to confirm the cortical origin of myoclonus. It consists of features favoring cortical reflex myoclonus (enhanced long latency reflexes at rest, giant cortical somatosensory evoked potentials (SEPs), premyoclonus cortical spikes detected by the jerk-locked back averaging (JLA) method), and a good response to antiepileptic drugs. 2 BAFME was first reported in 1990 in the Japanese population. 3 Until now about 50 Japanese, 10 European families, and a French family were reported. 4 Previous studies revealed that BAFME was mapped to three chromosomal regions on chromosome 8, 5,6 chromosome 2, 7,8 and chromosome 5 4 in the Japanese, European and French populations, respectively. Mori et al 9 remapped the BAFME locus in a large Japanese pedigree and they reconfirmed positive linkage on chromosome 8q. However, a study of one BAFME family in China showed the absence of linkage to the first two loci. 10 This study provided evidence for the fourth locus causing BAFME.
Here, we studied the first BAFME pedigree in Thailand consisting of 13 affected members. Genome-wide linkage analysis identified a new locus spanning 10.0 Mb on chromosome 3.
MATERIALS AND METHODS

Clinical descriptions
We identified a BAFME family in Thailand (Figure 1 ). General information including age, gender, age of onset of cortical tremor and generalized seizures, frequency of seizures, severity of tremors, family history, and medical history was collected (Table 1) . Of 24 individuals, 13 were affected. All had cortical tremor while seven had generalized seizures. Only one patient, III-16 (Table 1) , had seizures 2 years before the onset of tremor, while the others had hand tremor before the onset of seizures. The average age of onset was 19.5 (range 10-33) years for tremor and 25 (range 19-33) years for seizures. None had cognitive impairment. After adequate treatment with either valproic acid (VPA), levetiracetam or clonazepam (CZP), all except one patient with seizures remained seizure free (Table 1) .
Electrophysiological findings
Of the 10 patients available for electroencephalographic studies, 9 had spike and wave or polyspike and wave discharges (Figure 2a ). Of these nine, seven had multifocal discharges corresponding with contralateral jerky movement and photosensitivity (photoparoxysmal response, photomyoclonic response). SEPs and long latency reflex (C-reflex) were studied in 11 patients (Table 1) . Seven patients had increased amplitudes of the cortical SEPs in the median SEPs study (Figure 2b ) and four patients in the tibial SEPs study, while all had the C-reflex ( Figure 2c and Table 1 ). We could demonstrate the cortical discharges by JLA (Figure 2d ), which indicated cortical myoclonus, in two available patients. Clinical and neurophysiological studies are summarized in Table 1 . A newly identified locus for BAFME P Yeetong et al
Genotyping genetic markers and linkage analysis
After informed consent, genomic DNA was extracted from peripheral blood leukocytes of 24 family members using ArchivePure DNA Blood Kit (5 Prime Inc., Gaithersburg, MD, USA). This study was approved by the institutional review board of the Faculty of Medicine of Chulalongkorn University. We first performed linkage analysis with the first two known loci on chromosome 8q23.3-q24.1 and 2p11.1-q12.2. The third locus of BAFME was published after we finished the GWLS. 4 Using seven microsatellite markers (D8S1830, D8S555, D8S588, D8S1112, D8S1826, D8S572-18, and D8S1799) on chromosome 8 and three markers (D2S388, D2S2175, D2S2264) on chromosome 2, we were able to exclude linkage to these loci. 
Genome-wide linkage study (GWLS)
GWLS was performed using ABI Prism Linkage Mapping Sets-MD10 Version 2.5 (Applied Biosystems). This set consists of 400 fluorescently labeled primer pairs selected to amplify dinucleotide repeats that define an average 10 centimorgan (cM) resolution human index map.
Narrowing down the critical region
After the linked locus was identified, we selected 11 additional markers (D3S2421, D3S3676, D3S2427, D3S3037, D3S3730, D3S1571, D3S3609, D3S3592, D3S1602, D3S3686, and D3S3651) in the region on chromosome 3 for fine mapping.
RESULTS
Absence of linkage to 8q23.3-q24.1 and 2p11.1-q12.2 Two-point linkage analysis generated negative LOD scores in every microsatellite marker at all the recombination values from 0.00 to 0.50. The LOD scores were equal to minus infinity at recombination rate of 0.00, indicating no linkage to any of the selected markers (data not shown). As a result, linkage to the two chromosome regions 8q23.3-q24.1 and 2p11.1-q12.2 was excluded. Our results from GWLS also showed the absence of linkage to chromosome 5p15.31-p15, the third locus for BAFME. The LOD scores were equal to minus infinity with the markers D5S630 and D5S416, which were located at the linked region on chromosome 5p15.31-p15 (data not shown).
GWLS and narrowing down the critical region
We detected preliminary evidence for linkage at D3S1262 that gave the maximum two-point LOD score of 5.419 at y ¼ 0.00. The critical region was 15 Mb in size and located on chromosome 3q26.31-3q28. This prompted us to select 11 additional markers on chromosome 3q (Figure 1 ) to refine the critical region to 10 Mb between D3S3730 and D3S1580 on 3q26.32-3q28. The results of haplotype analysis for these markers and two-point LOD scores between disease phenotype and each marker locus are shown in Figure 1 , respectively.
DISCUSSION
Clinical and electrophysiological features of our patients (Table 1) confirmed the diagnosis of BAFME. Of the 13 affected members, one (7.7%) developed epileptic seizure before tremor, originally observed in 16% of cases. 2 The patients' phenotypes were similar to those previously reported families in other populations particularly the Japanese patients. 5, 9 Electrophysiologic studies revealed the cortical hyperexcitability with cortical origin of tremor. Our patients had a non-progressive clinical course. Myoclonic tremor and seizure responded well to VPA, CZP, or levetiracetam. No cognitive deficit was found in our cases. BAFME has previously been mapped to three chromosomal regions. We performed genome-wide linkage analysis with 400 microsatellite markers. The D3S1262 on chromosome 3q26.32-3q28 was the only marker with the LOD scores greater than 3 (5.419). Using 11 additional markers, we successfully narrowed down the critical region to 10 Mb, between the markers D3S3730 and D3S1580. This locus represents the fourth chromosomal region for BAFME. Genetic heterogeneity is not uncommon in human diseases including neurological disorders. A striking example is spinocerebellar ataxia, which has at least 33 underlying genes. 11 Discovery of the fourth BAFME chromosomal region will facilitate the identification of the responsible gene. There are possible candidates considering their expression pattern and protein function. These include CLCN2 and KCNMB2. Both are expressed in brain tissue and function as ion channel proteins. Additional studies to elucidate the role of these genes on disease etiology are warranted. This will provide further understanding into the molecular basis of epilepsy and better insight into the disease mechanism leading to more effective treatment of this disorder.
